Toxoplasmosis is an infectious disease caused by Toxoplasma gondii, an obligate intracellular parasite that occurs in many warm-blooded animals. Animals are infected transplacentally when previously noninfected dams become infected during pregnancy. Toxoplasmosis is seen most commonly in young animals, especially neonates, and in immunocompromised animals. 3, 5, 6 Common clinical signs of systemic toxoplasmosis are fever, lethargy, anorexia, ocular and nasal discharges, and repiratory distress. 3 Neurologic signs include circling, tremors, opisthotonus, convulsions, and paresis. The diagnosis of toxoplasmosis is made by finding tachyzoites and/or cysts in areas of coagulation necrosis in 1 or more organs and by the detection of T. gondii-specific antigen in tissue sections by fluorescent antibody and/or immunoperoxidase techniques. 1 Toxoplasmosis has previously been reported in mink (Mustela vison). In the late 1950s and in 1960, toxoplasmosis outbreaks were reported on mink farms in Ontario, Canada. 18, 19 In 1 of these outbreaks, the course of infection was 4-6 weeks, with 90-100% mortality in all age groups. Major clinical signs included reduced food and water consumption, difficulty chewing, dysphagia, ataxia, circling, high neonatal mortality, and inability of male minks to copulate normally. 19 The second outbreak was associated with an outbreak of canine distemper virus (CDV) infection. Clinical signs were anorexia, lassitude, dyspnea, and sudden death with convulsions. Overall mortality was approximately 40%. One outbreak of toxoplasmosis in mink was reported in the United States, 13 but details (other than lesions) were scant. This report documents a severe outbreak of toxoplasmosis in minks several months after an outbreak of CDV infection.
A Wisconsin mink farm with 7,150 breeding females, 400 breeding males, and approximately 35,000 kits experienced an outbreak of CDV infection beginning in September 1998. Kits had been vaccinated subcutaneously with a commercial modified live CDV vaccine at 11 weeks of age. The farm had no history of Aleutian disease, and no mink had been brought onto the farm since 1979. Mink were tested annually for antibodies to Aleutian mink disease parvovirus, and no evidence of the virus was found. A chain-link fence with electric wire around the top surrounded the facility, and a watchman was at the farm each night. No cats were kept on the farm, and stray animals were unable to approach the mink or mink feed.
In September 1998, mink kits experienced watery eyes (approximately 80% of kits), dyspnea, and bleeding from the nostrils. Approximately 2.8% (n ϭ 977) of the kits died. Six live kits were submitted to the Minnesota Veterinary Diagnostic Laboratory (MVDL) in early October, and CDV infection was diagnosed on the basis of microscopic lesions and positive fluorescent antibody tests on lung tissue. Mortality continued through pelting in early December in spite of revaccination against CDV in mid-October. During the CDV outbreak, the mink were given oxytetracycline and a sulfonamide in wet feed to decrease secondary bacterial infections.
In April 1999, pregnant mink appeared less active than normal, and approximately 60-75% had markedly reduced feed consumption. Ten of these females died and had urinary bladders distended with urine at necropsy. Clinical signs included small and weak kits at birth, abortions, early neonatal deaths, ataxia, and death of kits at about 10 days of age. Mean number of live kits born per dam was 3.8 (vs. 5.1 in 1998). Females were treated with various antibiotics in wet feed without noticeable reduction in abortions or mortality.
Necropsy examination was performed on 20 mink (6 neonatal kits, 2 adult females and 12 3-week-old kits) submitted to the MVDL in mid-May. No gross lesions were seen in the 6 neonatal kits. The 3-week-old kits had empty stomachs and distended urinary bladders. Some had a pale yellow-to-light brown liver, diffusely dark-red kidneys, and moderately swollen spleen. None of the adult females had any gross lesions.
Formalinized tissues were embedded in paraffin, sectioned at 5 , stained with hematoxylin and eosin (HE) and examined microscopically. Weak and dying neonatal kits had severe interstitial pneumonia, severe encephalomalacia, and myocarditis (Table 1) . Interstitial pneumonia was characterized by alveolar septa thickened by macrophages, neutrophils, and necrotic cells. Bronchioles and alveoli were partially filled with macrophages, necrotic cells, and proteinaceous material. Encephalomalacia was characterized by large areas of rarification of neuropil, numerous associated macrophages, few neutrophils, and intracellular and free tachyzoites. One kit had glomerular capillary thrombi in association with tachyzoites. Tachyzoites were also present in lungs, heart ( Fig. 1 ), brain, liver, kidney, and spleen. No lesions were seen in urinary bladders, small intestines, skeletal muscles, or stomachs.
Lungs of 3-week-old kits had changes similar to those in neonates. In addition, mild to severe vacuolization of hepatocytes (lipidosis) was seen in liver. Some animals had random foci of necrosis and tachyzoites in their livers. Tachyzoites were also seen in kidney (glomeruli), spleen, and stomach. No lesions were seen in small intestines or urinary bladders. Adult females had mild lymphocytic encephalitis characterized by blood vessels in the cerebrum and, to a lesser extent, leptomeninges surrounded by moderate numbers of lymphocytes and plasma cells with scattered microglial nodules in the parenchyma. No lesions or viral inclusion bodies were seen in liver, small intestine, kidney, stomach, adrenal gland, mesenteric lymph node, or pancreas of adult mink.
Sections of formalin-fixed tissues were stained by immunohistochemistry using a streptavidin-biotin-horseradish peroxidase system a with rabbit antibody against T. gondii or monoclonal antibody against CDV b . Tissues stained for the presence of T. gondii included lungs from neonates and 3-week-old kits and brain from neonates, adult females, and 1 3-week-old kit. Staining for T. gondii was observed in lungs of neonates (4 of 5) and 3week-old kits (2 of 4) and in brain of neonates (2 of 3). Brains from the 2 adult females did not stain for either CDV or T. gondii ( Table 2) .
Pooled feces were examined by negative contrast electron microscopy. 8 No virus particles were seen. No bacterial pathogens were isolated from lung, liver, or intestine. Direct immunofluorescent antibody test for the presence of CDV was performed on fresh frozen lung and urinary bladder using an anti-CDV polyclonal antiserum conjugated to fluorescein isothiocyanate. e,15 All specimens were negative for CDV.
Following the diagnosis of toxoplasmosis, adult females were treated with trimethoprim-sulfamethoxazole tablets d in wet food for 6 days (40 g trimethoprim and 8 g sulfamethoxazole [50 tablets]/1,000 adult females/day), with sarafloxacin e (4.8 g/1,000 females/ day in wet food for 5 days), and with trimethoprimsulfamethoxazole at the same dose level for 30 days.
Of 7,800 females, 1,976 (26%) lost their entire litter either from abortion or neonatal mortality. All females that lost their litters were culled. The overall kit mortality attributed to the toxoplasmosis outbreak was 10,408. No mortality attributable to toxoplasmosis was observed after June 1999. Seven young mink were submitted to the MVDL for diagnostic workup on June 17, and no microscopic evidence of toxoplasmosis or CDV infection was found in any of the kits. Serum samples were collected from 15 adult female mink in April 2000 and were tested for antibodies to T. gondii by microtiter hemagglutination inhibition test f ; all samples were negative.
Toxoplasmosis can cause extensive losses on mink farms. In the present outbreak, nearly 25% of young animals were lost from abortions or neonatal mortality. Previously reported outbreaks involved mortality varying from 2% to nearly 100%. 13, 18, 19 The source of T. gondii was not identified in the present outbreak. Fetuses may have been infected with T. gondii by dams ingesting tissue cysts from intermediate hosts or from recrudescence from cysts in the dams tissues and subsequent transmission from dam to fetus. Many animal species may act as intermediate hosts for T. gondii, including birds and rodents. 6, 20 Several meat products were being fed to mink on this farm, including turkey drum, chicken livers, and porcine kidney; any of these products may have been a source of T. gondii cysts. Conversely, female mink may have consumed food contaminated with T. gondii oocysts excreted by cats. 17 Cats, however, were not kept on the farm either prior to or during the toxoplasmosis outbreak, and stray cats were unable to enter beyond the barrier.
Recrudescence seems unlikely to explain the magnitude of losses of mink at this farm. Recrudescence of infection has been produced experimentally in mice chronically infected with T. gondii by immunosuppressing them with dexamethasone. 16 Exposure level of mink to T. gondii prior to the toxoplasmosis outbreak is unknown, so the possibility of recrudescence cannot be ruled out. In a Danish survey, seroprevalence of T. gondii infection (titers of Ն1:64) for 195 randomly selected sera from 17 mink farms was only 3%. 9 These mink were fed diets of raw fish, barley, and boiled poultry slaughterhouse offal. Boiling inactivates T. gondii, and T. gondii has never been demonstrated in fish. If this seroprevalence approximates T. gondii infection rate for Wisconsin mink, activation of tissue cysts seems unlikely to explain such severe losses unless there was subclinical infection during the CDV outbreak. Wild mink from Ontario had a 55% seroprevalence for T. gondii. 14 CDV infection likely played a role in the severity and incidence of toxoplasmosis in the present case. CDV infection may have activated cysts in the dams or made dams more susceptible to proliferation of Toxoplasma tachyzoites following ingestion of tissue cysts or oocysts. Toxoplasmosis is commonly associated with CDV infection in dogs, 3, 12 and this association has also been reported in mink. 14, 18 CDV has been shown to cause immunosuppression in ferrets and dogs. 10, 12 CDV infection occurred in immature mink at this farm during the previous fall, but no evidence of CDV infection was found during the toxoplasmosis outbreak the following spring. This observation does not rule out the possibility that CDV played a role in increasing the number of infected adult females or increasing transplacental shedding during pregnancy. Because of the early onset of disease, young mink were likely in-fected transplacentally in utero. None of the aborted fetuses were available for diagnostic examination.
Microscopic lesions in the affected mink were similar to those reported previously for mink and other species. 1, 3, 5, 11, 13 The most common lesion in fetuses of various animal species is in brain and consists of malacia with infiltrates of glial and mononuclear cells. The most consistent lesions of fulminating toxoplasmosis are seen in brain, heart, liver, and lungs and consist of diffuse interstitial pneumonia, foci of coagulative necrosis of hepatocytes, inflammation and necrosis of heart muscle, and meningoencephalitis with foci of necrosis and often malacia. 1, 5 Toxoplasma gondii tachyzoites cause lesions by destroying cells. Immunohistochemistry was a valuable aid in visualizing and confirming the identification of T. gondii tachyzoites in histologic sections in the affected mink.
Affected female mink had microscopic lesions in brain typical of those seen in animals with toxoplasmosis that have had prolonged survival. 2 These lesions include microglial nodules and hyperplasia of perithelial cells and perivascular fibrosis with rare cysts and tachyzoites. Perivascular accumulation of lymphocytes and plasma cells was still present in the 2 female mink. No cysts were seen in brains of these mink and there was no immunohistochemical staining of brain for T. gondii. Chronic lymphoplasmacytic meningitis with the presence of tissue cysts in the cerebrum has been reproduced experimentally in adult mink given ultrasonicated T. gondii trophozoites or tissue cysts per os; no other lesions were found. 2 CDV infection is an important differential diagnosis for the brain lesions in these 2 mink; however, sections of brain examined by immunohistochemistry and lung examined by fluorescent antibody test were negative for CDV. No intracytoplasmic inclusion bodies consistent with CDV infection were seen in any of the tissues examined microscopically for these 2 mink.
Mink at this farm were treated with a combination of trimethoprim and sulfamethoxizole. These antibiotics have been used to treat humans 7 and cats 4 with toxoplasmosis. In 1 retrospective study, none of the 17 cats treated with a sulfonamide (sulfadiazine, triple sulfa, or a trimethoprim/sulfadiazine combination) survived (8 of these also received pyrimethamine). 4 Although toxoplasmosis was not diagnosed in mink subsequent to treatment in the present outbreak, no untreated mink were available as controls to evaluate treatment efficacy. Treatment may have minimized or eliminated transplacental transmission of T. gondii to fetuses, thus eliminating abortions and neonatal disease.
Toxoplasmosis should be considered in the differential diagnosis of abortions and neonatal mortality for mink.
